Abstract-In this paper, we establish an appropriate system model for the terahertz (THz) wireless links in the range of 275 to 400 GHz, which accommodates the channel particularities and transceivers parameters. The former includes the frequency selectivity, pathloss, as well as the atmospheric conditions, namely temperature and pressure, whereas the latter are assumed to be consisted of the antenna gains as well as the power allocation of the transmitted signal. Moreover, we present analytical expressions of low computational complexity, for the evaluation of the average SNR, and capacity of the line of sight wireless THz links. These expressions are expected to be the key tools for the design of the THz link.
I. INTRODUCTION
The increased data rates demand in the beyond fifth generation (5G) wireless systems, as well as the fact that the spectral efficiency of the microwave links is approaching its fundamental limits, have motivated the exploitation of higher frequency bands that offer large amounts of communication bandwidth [1] , [2] . To this end, terahertz (THz) band wireless communications have been recognized as an attractive canditate for providing an order of magnitude capacity improvements for future communication systems [3] - [5] .
Although THz communications can benefit from the vast spectral resources, it comes at the price of suffering severe path loss, which drastically limits the communication range [5] , [6] . To overcome this problem, a great amount of research effort has been put on modeling the particularities of the THz channel [7] - [11] . For instance, in [7] , the authors presented an initial path-loss model for nano-sensor networks, that describes the THz propagation behaviour through plant foliage, whereas, in [8] , a channel model for intrabody nanoscale communications was provided. Additionally, in [10] , a model, which evaluates the total absorption loss assuming that the propagation medium is the air, natural gas and/or water, was proposed. In [11] , the authors presented a multi-ray THz model for THz communications. All the published results agrees on the fact that THz communication channel has a strong dependence on both the molecular composition of the medium and the transmission distance.
THz band communications performance and channel characteristics have been given in [12] - [14] , where performance metrics for the THz link effectiveness was presented. In more detail, in [12] , the authors analyzed the THz link capacity in electromagnetic nano-sensor networks, while, in [13] , the authors conducted a throughput analysis in THz nano-sensor networks and showed that there exist a relation between the transparency windows and the transmission distance. In addition, in [14] , the basic properties of THz-waves were investigated and the maximum achievable data rates for fixed wireless THz-links were evaluated. Finally, in [15] , the authors analyzed the THz channel behavior in order to design reconfigurable multiple input multiple output systems. In all of the mentioned works, the channel models that are based on the high-resolution transmission molecular absorption (HITRAN) database to accommodate the impact of the molecular absorption loss. As a consequence, it is difficult to evaluate the THz link performance as well as to provide the appropriate design guidelines and tools.
Motivated by the above, in this paper, we provide the mathematical framework to evaluate and quantify the performance of the THz link in the 275-400 GHz band. In particular, by employng a simplified, but accurate, channel model, which was initially presented in [16] , we provide novel easily-computed analytical expressions for the average SNR and capacity for the line of sight (LoS) THz links in the range of 275 − 400 GHz. These expressions reveal how the performance of the THz system depends on the transmission environment, the communication bandwidth, the distance between the transmitter (TX) and the receiver (RX), and the gain of the TX and RX antennas. As a result, they can play a significant role as design tools for THz wireless systems.
The remainder of this paper is organized as follows. In Section II, the system and channel models are described, whereas, in Section III, the analytical metrices for the evaluation of the average signal to noise ratio (SNR), and capacity are provided. Respective numerical and simulation results are given in Section IV accompanied by an insightful discussion. Finally, Section V concludes the paper by summarizing out main findings.
II. SYSTEM AND CHANNEL MODEL
In this section, we present the system model. In more detail, in Section II-A, the signal model and the assumption of our analysis are provided, whereas, in Section II-B, the channel model for the 275-400 band is presented.
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A. Signal Model
We assume that a transmitted signal, s, is emitted over a THz wireless channel, h, with an additive white Guassian noise (AWGN), n. The received radio frequency (RF) signal is passed through various processing stages, also known as the RF front-end of the RX. These stages include filtering, amplification, analog in-phase and quadrature (I/Q) demodulation, down-conversion to baseband and sampling. To this effect, the corresponding baseband equivalent received signal can be expressed as
where * represents the convolution operator, whereas h denotes the channel coefficient and n represents the zero-mean circularly symmetric complex AWGN with single-sided power spectrum densities (PSD) of N 0 . It is assumed that the TX and RX experience line of sight (LoS) and, since scattering at the THz band induces more than 20 to 30 dB attenuation, i.e., only the LOS component can be used for reliable high data rate transmission, without loss of generality, the nonLoS components can be neglected [17] - [19] . Moreover, it is assumed that in order to countermease the severe pathloss of the THz channel, both of the TX and RX employ analog beamforming. According to (1) and based on the Parseval's theorem, the signal power at the receiver, P r , of a transmited signal with single-side power spectral density (PSD) S(f ) and bandwidth B, can be obtained as [9] , [20] 
where f stands for the frequency, d is the distance between the TX and RX, and
with H c (f, d), H r (f ) respectively representing the THz-band channel frequency response and the receiver frequency response. By considering an ideal low-pass filter with bandwidth B, (2) can be simplified to
or, equivalently
where L(f, d) denotes the total path gain. Note that for the transmitted signal PSD different distributions can be adopted. For instance, in the simplest case, it can be flat, i.e.,
where S 0 is constant. Alternatively, the transmitted signal PSD can be optimally defined to maximize the channel capacity, subject to the constraint that the total transmitted power is finite. In this scenario, the PSD satisfies the water-filling principle, and can be obtained as [21] 
where K is a constant whose value depends on the total transmitted power. Note that, from (7), it is evident that the optimal transmission signal PSD takes into account the THz channel path gain.
B. Channel Model
The channel model utilized in this paper comprises of the free space path loss and molecular absorption gain, i.e, the total path gain can be evaluated as
where L f and L a respectively denote the free space and molecular absorption path gains. The free space path gain can be evaluated, by radially expanding wavefront adjusted with the RX and TX antenna gains, as
where G t (Θ i ) and G r (Θ r ) represent the TX and RX antenna gain, respectively, and c is the speed of light. Note that the TX and RX antenna gains are usually dependent on the angles of incident Θ i and reception Θ r . By assuming that the TX and RX are aligned, we get that
The advantage of the free space gain model is the possibility to adjust it with additional loss components in order to take into account various propagation phenomena in non-idealistic environments by multiplying their gain coefficients to the free space coefficient. One such phenomenon is the molecular absorption loss in the millimeter and THz frequency regions, which can be modeled according to the Beer-Lambert's law as [12] 
where τ (f, d) stands for the transmittance, P t (f ) represents the transmitted powers, and κ a (f ) denotes the absorption coefficient describing the relative absorbing area of the molecules in the medium per unit volume. The main cause of absorption loss in millimeter and THz frequencies is the water vapor that causes discrete, but deterministic loss to the signals in the frequency domain. Other molecules, such as oxygen, also cause some level of loss to the signals, but the water vapor dominates the overall molecular absorption loss above 200 GHz frequencies. In order to evaluate the absorption loss, we utilize a simplified model for the molecular absorption loss in 275-400 GHz band initially presented in [16] . According to this model, the absorption coefficient can be evaluated as,
whereas, based on (10) and (11), the molecular absorption gain can be estimated as
where µ denotes the volume of the mixing ratio of water vapor. Note that the volume of the mixing ratio of water vapor is not equal to its relative humidity and it can be evaluated as
where ϕ and p respectively stand for the relative humidity and the pressure, whereas p w (T, p) is the saturated water vapor partial pressure in temperature, T , and can be calculated according to Buck equation [22] . Moreover, the parameters y 1 (f, µ), and y 2 (f, µ), and g(f ) of (12) can be expressed as
and 
This model was shown to have high accuracy for up to 1 km links in standard atmospheric conditions, i.e., temperature of 296 o K and pressure of 101325 Pa [16] . Moreover, since the impact of the temperature and pressure can be modeled through the water vapor mixing ratio, µ, (12) can describe the THz link molecular absorption pathloss beyond the standard atmospheric conditions. Finally, note that the parameters c 1 , c 2 , p 1 , p 2 , p 3 , and p 4 can be considered relatively independent of the atmospheric conditions [16] 1 . Based on (8), (9) , and (12), the total path gain can be rewritten as From (21), it is evident that the total pathloss depends not only on the operation frequency, f , and the distance between the TX and RX, but also on the TX and RX antenna gains, as well as the atmospheric conditions.
III. PERFORMANCE EVALUATION
In order to quantify the potential of the THz band for wireless communications, in this section, we present fundamental link quality performance metrics, namely, SNR, and capacity.
A. SNR
According to (1), the SNR can be expressed as
By substituting (5) into (22), SNR can be equivalently rewritten as
or, by using (21), as
where
B. Capacity
Since, the THz channel is highly frequency-selective, and under the common assumption that the transmitted signal and the total noise are jointly Gaussian, the capacity, C, of a transparency window in the THz band can be estimated by employing the classic Shannon result for coherent reception as [13] C =ˆB log 2 (1 +γ(f, d) 
From (24) and (26), it is evident that the SNR and achievable capacity depend not only on the transmission distance, the noise PSD and the bandwidth, but also on the power allocation scheme, which will be selected, as well as the atmospheric conditions.
IV. RESULTS AND DISCUSSION
In this section we quantitatively compare the effectiveness of the THz link in terms of SNR and capacity, assuming different transmission bandwidths, central frequencies, power allocation schemes, as well as atmospheric conditions. For the transmission distance, path lengths ranging from 0.1 to 500 m are considered. Furthermore, it is important to note that, unless otherwise is stated, in the following figures, the numerical results, which was derived by using the expressions of Section III, are shown with continuous lines, while markers are employed to illustrate the results derived via the path gain model that employ the Beer-Lambert law [12] . Fig. 1 illustrates the path gain as a function of the frequency for different distances, assuming standard atmospheric conditions and G t = G r = 1. The results derived with the presented path gain model are identical with the results derived by the Beer-Lambert law [12] ; thus, verifying the accuracy of the presented model. Moreover, from this figure, it is evident that, for a fixed transmission frequency, as the distance increases the path gain decreases. For example, for f = 380 GHz, as the distance alters from 0.1 to 100 m, the path gain decreases about 100%. This indicates the importance of employing beamforming schemes in order to increase the TX and RX antenna gains and countermeasure the impact of the channel losses. Additionally, we observe that the frequency selectivity due to the molecular absorption becomes more severe as the distance increases. As a result, the bandwidth of the transparency windows decreases with an increase on the transmission range. For instance, for d = 0.1 m, a transparency window exists in the range of 275 to 400 GHz with bandwidth equals 125 GHz. On the other hand, for d = 100 , the range of the transparency window is from 330 to 370 GHz and its bandwidth equals 40 GHz, while, for d = 500 m, the corresponding window is from the range of 340 to 360 GHz. In other words, a five-fold increase in distance results in a 50% decrease of the transparency window. = 100 dB, assuming flat transmission signal PSD, B = 125 GHz and standard atmospheric conditions. to the distance variation to the received signal quality. In more detail, we plot the SNR as a function of the distance for different values of g = G t G r S 0 N 0 , assuming flat transmission signal PSD and B = 125 GHz. As expected, for a fixed g, as the distance increases the SNR decreases. For instance, for g = 100 dB, a transmission distance increase from 1 to 10 m results in about 20 dB SNR degradation. Moreover, for a given distance, the SNR increases as g increases. For example, for d = 50 m, as g increases from 75 to 120 dB, the SNR also increases from −42.68 to 2.32 dB. This indicates that, for a given RX and transmission power, in order to increase the link range, someone needs to increase the gain of the TX and/or RX antennas. Fig. 3 depicts the capacity as a function of the temperature and the relative humidity, for d = 100 m,
assuming flat transmission signal PSD and bandwidth equals 125 GHz. As expected, for a fixed temperature, as the relative humidity increases, the channel capacity decreases. For example, for T = 25 o C, a 10% capacity degradation occurs, as the relative humidity alters from 60% to 90%. Moreover, for a given relative humidity, as the temperature increases, the capacity decreases. For instance, for a relative humidity equals 50%, the capacity decreases for about 53.91%, as the temperature increases from 20 to 50 o C. This reveals that the impact of temperature variation in the THz link performance is more severe compared to the one of the humidity variations. Fig. 4 presents the impact of the transmission signal PSD on the performance of the THz system. In particular, the capacity is plotted as s a function of the transmission distance for different transmission signal PSD and bandwidth, assuming
= 120 dB, and standard atmospheric conditions. As expected, for a given transmission PSD and bandwidth, as the distance increases, the capacity decreases. Moreover, for a given transmission PSD and distance, as the bandwidth increases, the capacity also increases. For example, for d = 1 m and optimal transmission PSD, the capacity increases about 24.2%, as the bandwidth alters from 100 to 125 GHz, whereas, for d = 10 m and for the same band- = 120 dB, and standard atmospheric conditions.
width alteration, the corresponding capacity increase equals 21%. This example reveals that as the distance increases, the capacity increase due to a corresponding bandwidth increase is constraint. Additionally, from this figure, we observe that, for a fixed bandwidth, the optimal transmission PSD outperforms the flat transmission PSD in terms of capacity; especially, as the distance and the transmission bandwidth increases. For instance, for B = 125 GHz and d = 5 m, a 2.7% capacity improvement can be achieved, if the optimal transmission PSD is employed instead of the flat one, whereas, for the same bandwidth and d = 10 m, the corresponding capacity improvement is up to 6.85%. This indicates the importance of taking into account the channel gain, when designing the transmission power allocation scheme.
V. CONCLUSIONS
In this paper, we presented an appropriate channel and system model for THz wireless links in the range of 275 to 400 GHz, which take into account the channel particularities and transceivers parameters. Moreover, in order to evaluate the effectiveness of the THz system, we presented analytical expressions with low computational complexity for the evaluation of the average SNR and capacity. Our results reveal that the frequency selectivity of the THz channel increases, as the range of the wireless link increases, whereas, in order to achieve acceptable performance in long-range links, highgain antennas and transmission PSD designs, which take into account the channel gain, are necessary. Finally, we observed that the THz links performance depends on the atmospheric conditions. ACKNOWLEDGMENT This work has received funding from the European Commission's Horizon 2020 research and innovation programme under grant agreement No. 761794.
